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INTERNATIONAL FR^^bNARY EXAMINATION REPORT ^B^^national application No. 

PCT/AU2003/000971 



Basis of the report 



1. With regard to the elements of the international application:* 
I I the international application as originally filed. 

[x] the description, pages 3-22, as originally filed, 

pages 1,2, filed with the demand, 

pages , received on with the letter of 

\x\ the claims, pages , as originally filed, 

pages , as amended (together with any statement) under Article 19, 

pages 23-28, filed with the demand, 

pages , received on with the letter of 

X| the drawings, pages 1/6-6/6, as originally filed, 

pages 5 filed with the demand, 
pages , received on with the letter of 
I I the sequence listing part of the description: 

pages , as originally filed 

pages , filed with the demand 

pages , received on with the letter of 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, imless otherwise indicated under this item. 

These elements were available or fiimished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23 . 1(b)). 

I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation fiimished for the purposes of international preliminary examination (under Rules 5S.2 
and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 

preliminary examination was carried out on the basis of the sequence listing: 
I I contained in the international application in written form. 

I I filM together with the international application in computer readable form. 

I I fiimishedsubsequently to this Authority in written form. 

I I fiunished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been fiimished. 

I I The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been fiimished 

4. The amendments have resulted in the cancellation of : 

I I the description, pages ^ 

[ I the claims, Nos. 

I I the drawings, sheets/fig. 

5. 1^ This report has been established as if (some of) the amendments had.not been made, since they have been considered to 
go beyond the disclosure as filed, as indicated in the Supplemental Box (Ride 70.2(c)).** 



Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in 
this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70 J 6 and 70.17), 

Any replacement sheet containing such amendments must be referred to under item I and annexed to this report 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicabiUty; citations 
and explanations supporting such statement 
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2. Citations and explanations (Rule 70.7) 

NOVELTY & INVENTIVE STEP 

None of the documents cited in the ISR disclose a fuel delivery system including coUecting means for collecting 
vaporised liquid gas, a bleed injector for delivering the collected liquid gas vapour to the cylinder of the engine and 
an injector being located in the debubbling chamber as defined m claim 1 . They also do not disclose a fuel 
delivery system including a chamber for receiving an injector, a liquid gas inlet communicating with a lower 
portion of the chamber, an outlet arranged in the upper portion of the chamber and a pressure regulator as defined 
in claim 14. The claims are therefore considered novel, invaitive and industrially applicable. 
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FUEL DELIVERY SYSTEM 
Field of the Invention 

This invention relates to a fuel delivery system and, in 
particular, to a fuel delivery system for delivering 
liquid gas such as liquid petroleum gas, together with 
diesel fuel to a diesel engine. 

Background Art 

Our co-pending International Application No. 
PCT/AU02/00453 discloses a fuel delivery system of the 
above-mentioned type, which successfully enables a diesel 
engine to run on both diesel fuel and liquid petroleum 
gas. The contents of this International application is 
incorporated into this specification by this reference. 

Summairy of the Invention 

The object of the. present invention is to provide further 
improvements to the fuel deliveiry system to further 
increase fuel economy and also to decrease emissions. 

The invention may be said to reside in fuel delivery 
system for axi engine including: 

a liquid injector for receiving liquid gas and 
for ejecting liquid gas in liquid form to the cylinders of 
an engine; 

means for preventing vaporisation or bubbling of 
the liquid gas in the liquid injector so the liquid gas is 
ejected from the injector in liquid form; 

collection means for collecting vaporised liquid 

gas; 

a bleed injector for delivering the collected 
liquid gas vapour to the cylinder of the engine; and 

wherein the system includes liquid gas supply 
means for supplying liquid gas for ejection by the 
injector, the collection means comprises a debubbling 
chamber in which bubbled or vaporised licjuid gas is 
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collected, the injector being located in the chamber so 
that the collected vapour facilitates cooling of the 
injector, and a vapour supply line for supplying vapour 
from the chamber to the bleed injector. 

The use of both the liquid injector and the bleed injector 
to deliver liquid gas in liquid form and liquid gas in 
vapour form to the engine allows both injectors to be 
operated so that the liquid gas is delivered only when the 
inlet valve of the cylinder is open and the exhaust valve 
of that cylinder is closed, thereby reducing blow-through 
of fuel and decreasing emissions. Since the supply of 
vapour is controlled in this manner, the blow- through of 
the vapour is prevented so that the vapour is actually 
used as fuel in the engine, thereby increasing power and 
decreasing unwanted emissions which would otherwise be 
created if the vapour sisnply blows through the engine or 
is not correctly combusted in the engine due to the timing 
of the delivery of the vapour into the cylinder. 

PrefereQDly the system includes a controller for supplying 
injection pulses to the liquid injector and injection 
pulses to the bleed injector so that liquid gas in liquid 
form and liquid gas in vapour form is supplied only when 
the inlet valve of the cylinder is open and the exhaust 
valve of the cylinder is closed. 

Preferably the bleed injector is sized and the injection 
pulses applied to the bleed injector are of such a length 
to control the amount of liquid gas in vapour form which 
is delivered from the bleed injector to the cylinder of 
the engine. 

Preferably a bleed gas heater is provided for heating the 
vapour before the vapour is supplied to the bleed injector 
to ensure that the liquid gas supplied to the bleed 
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Claims 



1, A fuel delivery system for an engine including: 

a liquid injector for receiving liquid gas and 
5 for ejecting liquid gas in liquid form to the cylinders of 
an engine; 

means for preventing vaporisation or b\ibbling of 
the liquid gas in the liquid injector so the liquid gas is 
ejected from the injector in liquid form; 
10 collection means for collecting vaporised liquid 

gas; 

a bleed injector for delivering the collected 
liquid gas vapour to the cylinder of the engine; and 

wherein the system includes liquid gas supply 
15 meauis for supplying liquid gas for ejection by the 

injector, the collection means comprises a debubbling 
chamber in which bubbled or vaporised lic[uid gas is 
collected, the injector being located in the chamber so 
that the collected vapour facilitates cooling of the 
20 injector, and a vapour supply line for supplying vapour 
from the chamber to the bleed injector. 

2 . The system according to claim 1 wherein the 
system includes a controller for supplying injection 

25 pulses to the liquid injector and injection pulses to the 
bleed injector so that liquid gas in liquid form and 
liquid gas in vapour form is supplied only when the inlet 
valve of the cylinder is open and the exhaust valve of the 
cylinder is closed. 

30 

3 . The system according to claim 1 wherein the bleed 
injector is sized and the injection pulses applied to the 
bleed injector are of such a length to control the amoxint 
of liquid gas in vapour form which is delivered from the 

35 bleed injector to the cylinder of the engine. 

4. The system according to claim 1 wherein a bleed 
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gas heater is provided for heating the vapour before the 
vapour is supplied to the bleed injector to ensure that 
the liquid gas supplied to the bleed injector is supplied 
in vapour form for ejection by the bleed injector* 

5. The system according to claim 4 wherein the bleed 
gas heater comprises a heater housing for receiving heated 
fluid, and a bleed line passing through the heater housing 
for delivering the vapour to the bleed injector. 

6, The system according to claim 5 wherein the 
heated fluid comprises engine cooling water. 



7. The system according to claim 2 wherein the 

15 controller comprises the engine control unit of the engine 
which produces injection pulses for delivery to both the 
liq[uid injector and the bleed injector in accordance with 
engine operating conditions. 

20 8. The system according to claim 7 wherein the pulse 

supplied to the bleed injector is the same width as the 
pulse supplied to the liquid injector. 

9. The system according to claim 1 wherein the 

25 collecting means comprises cooling means for cooling the 

liqpiid injector to prevent bubbling or vaporisation of the 
liquid gas when in the injector. 

10. The system according to claim 9 wherein the 

3 0 cooling means includes a housing in which the injector is 
supported, an inlet in the housing for receiving bubbled 
liquid gas, and for enabling the bubbled liquid gas to 
surround the injector in the housing to cool the injector 
to thereby maintain the liquid gas in the injector in a 

35 liquid state, outlet means from the housing for supplying 
vapour from the housing to the bleed injector. 
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11. The system according to claim 10 wherein the 
bleed gas heater is arranged between the outlet means from 
the housing and the bleed injector, 

12, The system according to claim 10 wherein the 
housing includes a pressure regulator for regulating the 
pressure of the vapour in the housing. 

13 , The system according to claim 12 wherein the 
pressure regulator comprises a diaphragm, a valve element 
supported by the diaphragm for closing the inlet / and 
biasing means for biasing the diaphragm and the valve 
element towards a closed position, so that when pressure 
builds up within the housing, the diaphragm is forced 
against the bias of the biasing means to move the valve 
element into a closed position, and when pressure reduces 
in the housing, the biasing means biases the diaphragm to 
move the valve element to open the inlet. 

14. A fuel delivery system for delivering liquid gas 
to a cylinder of an engine, coxnprising: 

a housing; 

a chamber in the housing for receiving an 
injector which includes a lower opening for enabling 
liquid gas to be supplied to the injector for ejection 
from the injector; 

a liquid gas inlet communicating with a lower 
portion of the chamber for introducing liquid gas into the 
chaihber adjacent the lower portion of the injector when 
the Injector is Installed in the chamber; 

an outlet from the chamber arranged in an upper 
portion of the chamber; and 

a pressure regulator for regulating the pressure 
of the vapour within the chamber. 

15, The system according to claim 14 wherein the 

housing is in the form of a block euid the chamber 
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coinprlses a bore In the block. 

16. The system according to claim 14 wherein the 
pressure regulator regulates the pressure within the 
chamber so as to maintain the pressure within the chamber 
at about the pressure of supply of the liquid gas from a 
supply tank, and the pressure downstream of the pressure 
regulator at a relatively low pressure compared to the 
pressure in the injector chamber. 

17. The system according to claim 16 wherein the 
pressure regulator has an outlet passage which passes 
through the block in the form of a labyrinth to further 
facilitate cooling of the block, and therefore the 
maintenance of liquid gas in the block in a liquid state. 

18. The system according to claim 14 wherein the 
inlet comprises an inlet passage through the block, the 
inlet passage having a filter cavity for receiving a 
filter so the lic[uid gas passes through the filter before 
delivery to the chamber. 

19. The system according to claim 16 wherein the 
pressure regulator comprises: 

a seat; 

a seal for seating on the seat; 

a piston for moving the seal to sit on the seat; 

a first regulator chamber having a first 
diaphragm having a first area; 

a second regulator chamber having a second 
diaphragm having a second area greater than the first 
area; 

a communication passage for communicating the 
first chamber with the second chamber; and 

wherein when the pressure in the injector chamber 
increases to a predetermined amo\int, the seal is forced 
away from the seat so vapour and bxibble mixture can enter 
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the first chamber and pass into the second chamber through 
the passage, and because of the differential area between 
the first diaphragm and the second diaphragm, when the 
pressure in the first and second chambers reaches a 
predetermined level, the force on the second diaphragm is 
greater than the force on the first diaphragm, thereby- 
causing the first and second diaphragms to move to force 
the piston and therefore the seal against the seat to 
thereby regulate the pressure in the injector chamber. 

20. The system according to claim 19 wherein the 
first diaphragm is sandwiched between the piston and a 
retainer, the retainer and piston having a hole for 
receiving a screw, the second diaphragm being provided on 
a side of the retainer opposite the first diaphragm, and 
the communication passage con5>rising a bore through the 
piston and a bore through the screw. 

21. The system according to claim 19 wherein the 
pressure regulator coxnprises: 

a seat; 

a plxmger having a head, the head being locatable 
against the seat, the plunger further having a stem; 

a regulator chamber, a diaphragm forming a wall 
of the chamber; 

biasing means for biasing the diaphragm so as to 
push the plunger so the head is away from the seat; and 

wherein when pressure builds up in the injector 
chamber, the pressure within the injector chamber and 
regulator chamber forces the diaphragm away from the 
plunger against the bias of the biasing means so the 
plunger can be moved so the head seats on the seat. 

22. The system according to claim 14 wherein the 
outlet comocnunicates with the regulator chamber for 
bleeding vapour and bubble mixture in the chamber out of 
the regulator chamber, so that when the pressure in the 
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regulator chamber decreases, the biasing means biases the 
pltinger away from the seat so the vapour and bubble 
mixture In the Injector chamber can again enter the 
regulator chamber to force the diaphragm away from the 
plxmger so the plunger can close to shut off the chamber 
to thereby regulate the pressure within the Injector 
chamber • 



23. The system according to claim 22 wherein the 
diaphragm includes a boss for engaging the plunger. 

24. The system according to claim 21 wherein the 
biasing means comprises a spring and the spring is 
coxmected to a screw threaded stem so that the bias 
supplied by the spring can be adjusted by screw thread 
adjustment of the screw threaded stem. 

25. The system according to claim 21 wherein the 
pressure regulator regulates the pressure of the vapor 
within the chamber and also downstream of the regulator so 
that the pressure within the chainber is maintained at a 
relatively high pressure, and the pressure downstream of 
the regulator is at a relatively low pressure so that 
vapor and bubble mixture which enters the low pressure 
environment on the downstream side of the regulator can 
vaporise for delivery to the engine by a vapor bleed 

inj ector • 
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